The number of chloroplast DNA The precise number of chloroplast DNA molecules in both dark-and light-grown cells of Euglena graclis has been difficult to determine. Previous measurements (1, 2) have depended solely upon resolving the relative amounts of chloroplast DNA appearing as a satellite in CsCl equilibrium density gradients. The small proportion of total cell DNA represented by chloroplast DNA and the poor resolution between chloroplast DNA and other DNA species (i.e., mitochondrial DNA) have contributed significantly to the uncertainty of these measurements.
indicate that chloroplast DNA transcripts do exist in dark-grown cells.
The precise number of chloroplast DNA molecules in both dark-and light-grown cells of Euglena graclis has been difficult to determine. Previous measurements (1, 2) have depended solely upon resolving the relative amounts of chloroplast DNA appearing as a satellite in CsCl equilibrium density gradients. The small proportion of total cell DNA represented by chloroplast DNA and the poor resolution between chloroplast DNA and other DNA species (i.e., mitochondrial DNA) have contributed significantly to the uncertainty of these measurements.
We have measured the number of chloroplast DNA molecules in dark-and light-grown cells of Euglena by determining the shift in the observed second-order rate constant for the reassociation of radioactively labeled chloroplast DNA in the presence of unlabeled total cell DNA. Since the rate of DNA reassociation is directly proportional to the initial concentration of the reactants, the observed second-order rate constant of labeled chloroplast DNA in the presence of unlabeled total cell DNA will reflect the number of unlabeled sequences of chloroplast DNA in the reaction mixture (6) .
We found that the number of chloroplast DNA molecules in Euglena cells is a function of the cell's growth conditions. The number of chloroplast DNA molecules increases several-fold when the cells are grown in the light instead of the dark. Our data also indicate that in Euglena there are no sequences of chloroplast DNA complementary to nuclear DNA. (4, 12) . The specific activity of the l25-Ilabeled chloroplast DNA, determined at optimal settings in a Packard Tricarb Liquid Scintillation Counter (model 3320), was 6.9 X 106 cpm/Mug. lodination of the DNA reduced its single-stranded molecular weight to 75,000 (230 nucleotides). Under these conditions for labeling the DNA and the efficiency of the scintillation counter, it was calculated that 1.5% of the deoxycytidine residues in the chloroplast DNA contain covalently bound iodine.
MATERIALS
Renaturation of DNA. The observed second-order rate constant for the reassociation of l25-Ilabeled chloroplast DNA was determined by measuring the relative amounts of singlestranded to double-stranded DNA in a reaction mixture on hydroxylapatite columns (9, 13) . Salmon sperm DNA and the different total cell DNA samples were sonicated (9) to lower the molecular weights of the DNA to 120,000. Conditions for DNA renaturation and hydroxylapatite chromatography have been previously described (9) . The single-stranded and double-stranded fractions eluted from hydroxylapatite were adjusted to 10% trichloroacetic acid and collected on Millipore filters. The filters were dried and placed in tolueneOmnifluor (New England Nuclear) scintillation fluid. Radio If the reassociation kinetics of l25I-labeled chloroplast DNA is followed in the presence of increasing amounts of unlabeled total cell DNA, the observed k values for the reactions should reflect an increase in the amount of unlabeled chloroplast DNA present in the various reaction mixtures. Table 1 shows the observed k values for the reassociation of a constant amount of 125I-labeled chloroplast DNA in the presence of increasing amounts of total cell DNA from cells grown in the light in heterotrophic medium. The logarithm of the observed k was plotted as a function of the logarithm of the total cell DNA concentration in the reaction mixture (Fig. 2) . The linear relationship between the logarithms of these two parameters confirms the fact that the observed k for the labeled DNA is directly proportional to the number of complementary sequences in the reaction mixture.
Number of chloroplast DNA molecules per Euglena cell The number of chloroplast DNA molecules in total cell DNA can be calculated from the ratio of the observed k of a25I-labeled chloroplast DNA in the presence of a known amount of unlabeled total cell DNA to the observed k of 125-Ilabeled chloroplast DNA alone. Fig. 3 shows the kinetics of reassociation of a constant amount of l25-Ilabeled chloroplast DNA in the presence of similar amounts of total cell DNA obtained from cells grown under different conditions. The calculations for determining the number of chloroplast DNA molecules per cell were identical to those of Gelb et al. (6) . The (19) .
The reassociation kinetics of l25-Ilabeled chloroplast DNA in the presence of ZHB total cell DNA was identical to that of 125I-labeled chloroplast DNA alone. The standard deviation of the observed k of the labeled chloroplast DNA in the presence of 500 ,g/ml of ZHB total cell DNA represents slightly less than 0.3 chloroplast DNA molecule per mutant cell. These measurements discount any significant sequence similarity between nuclear and chloroplast DNAs in Euglena. This conclusion is in contrast to Richards' (20) , who showed that 2% of the nuclear DNA was complementary to chloroplast DNA.
The variance in the number of chloroplast DNA molecules in Euglena as a result of the growth conditions requires that there be a method for regulating the relative rates of chloroplast and nuclear DNA synthesis. Although it may be fortuitous, the observation by Manning and Richards (21) 
